Coal’s Connection To Society:  Supplemental Information


Coal’s Future
Government Policy

Coal is the most popular electricity feedstock in the world, but is also one of the most polluting.  With climate change being a fairly new hot topic issue, government policies will soon provide an ultimatum for the coal power industry via carbon taxes.  Through carbon taxes, companies not meeting annual regulatory emission levels will have elevated taxes, thus giving the coal power industry incentive to clean their exhaust through the clean coal technologies discussed below.

Clean Coal Technology
Carbon Capture and Storage (Sequestration):  CO2, the key greenhouse gas emitted by humans needs to be separated from the coal power plant exhaust in order to be stored in a secure location.   The most promising technique being considered for separating CO2 from coal fired power plant exhaust is amine absorption.  Once the amine has met its CO2 storage capacity, it is heated to remove the CO2 and it then isolated and liquefied.  The liquidized CO2 is then pumped into a natural underground reservoir that is “sealed”.  Of course these reservoirs aren’t completely sealed, but are isolated enough to ensure any evaporated CO2 will be trapped.  This technology hasn’t been applied yet on a large scale, so it may take several years to see it demonstrated at a coal-fired power plant.

Integrated Gasification Combined Cycle (IGCC):  This power plant type allows for overall efficiencies up to 50%, compared to the 30 to 33% efficient coal fired power plants.  IGCC passes high temperature steam and air through coal to form H2 and CO, which are both fed to a gas turbine to create electricity. 
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· Coal Technologies: www.worldcoal.org/coal_technologies.asp
· Clean Coal Technologies: world-nuclear.org/info/inf83.html
Environmental Health and Safety
Pollution (Air, Land and Water)

The air pollutants from coal combustion of most importance from an environmental perspective are: CO2, SOx, NOx, particulate matter (PM) and mercury.  PM is fine particles that make their way out of the combustion chamber.  CO2 is the most human-produced greenhouse gas, so air emission policy will soon tighten up on allowable emissions.  NOx gases are the cause for city smog, and along with SOx, NOx produces acid rain.  NOx and PM have been linked to several serious respiratory diseases.  As far as land and water pollution, mercury is the main concern because it gets deposited on land, and surface water runoff carries it into our river and lake ecosystems.  Elevated levels of mercury have been demonstrated in fresh water fish.  Levels have been found high enough to trigger fish advisories in almost every state in the US, so mercury is a growing concern. 

Land Reclamation

Surface mining for coal requires defacing a fairly large area of land.  The land is required to be restored to its original state or better, however, naturalists can argue that this task is impossible.  This extreme view would prohibit the extraction of a significant amount of cheap coal which is necessary to meet current energy demands.  

Dangers of Mining

Underground mining for coal is very dangerous, as the structural integrity of the mine is sacrificed continuously as coal is being removed from the mine.  There are also issues with methane being emitted from the coal bed.  Methane is emitted because when each piece of coal is chipped off, trapped methane is released into the mine.  Proper ventilation is essential for all underground mines because of methane’s highly explosive nature, as well as its ability to displace oxygen within the confined spaces in the underground mine.
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Society’s Reliance on Coal
In 2006, 56 percent of Pennsylvania’s electricity was produced by coal.  The United States as a whole derives 49 percent of its electricity from coal.  That means without coal, half of the country would not have electricity to light their house at night, or to run their everyday appliances.   All the jobs associated with coal recovery (miners) and transport (railroad and freighter personnel) are each essential in order to meet our nation’s power demand.
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Products and Chemicals from Coal
Besides generating electricity, coal-burning power plants also generate coal combustion products (i.e., byproducts), which can be both a resource and a disposal problem. Industries and manufacturing plants use these byproducts as a foundation to produce a variety of items for other materials.  Take a look at the “Coal Tree” to see the variety of products generated from coal and its byproducts.  When coal is burned it produces coal ash.  The primary forms of ash are fly ash, bottom ash, and boiler slag.  Fly ash can be used “as-is” for a variety of materials including partial replacement for cement in concrete and a low cost filler in golf balls, tennis rackets, screwdriver handles, plastics, bowling balls and linoleum.  Bottom ash is often used in concrete blocks and as a base in road construction.  Boiler slag is used in roofing shingles and as a blasting abrasive.  Coal combustion byproducts are also used in mine reclamation where it is used as landfill.  Similar to the burning of coal, byproducts from coal combustion have regulations on their disposal and their use due to their potential to degrade the ground and surface waters or cast dangerous dust clouds into the air.  
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Coal Tree from USGS:  http://pubs.usgs.gov/circ/c1143/html/centerfold.html 

Economics and Pricing
Historically, coal has been the cheapest fossil fuel resource, and it has been linked to America’s economic progress. There are a variety of parameters that affect the price including:  availability, processing, transportation, and consumption. Significant coal deposits are found in Asia, Europe, North America and Australia.  Experts believe that the supplies of bituminous coal could last up to 200 years. After coal is extracted from the ground, it typically goes on a conveyor belt to a preparation plant that is located at the mining site.  This plant cleans and processes coal to remove dirt, rock, ash, sulfur, and other unwanted materials, which increases the coal’s heating value.  Removing these contaminants before the coal is combusted decreases most harmful emissions. Coal is transported all over the world via trucks, trains, ships, slurry pipeline, and a combination of these different modes.  From 1998-2007, U.S. consumption of coal has been steadily increasing (see Figure below). 
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History of Coal in Pennsylvania
Formation

The main coal resources in PA began to form during the Pennsylvanian Period ~ 300 million years ago.  They are located in most of the western portion of the state and four large areas in the east.  At one time, coal was found in most of PA, but many of these deposits have been eroded over time.  Bituminous coal is found in western PA, where the rock strata have remained nearly horizontal; while anthracite coal is found in eastern PA, where rock strata have undergone a high degree of folding, bringing the coal to higher temperatures and burial depths, and in effect, increasing its rank.

In many places, up to 100 beds of coal are separated by other sedimentary units, producing a total thickness of up to 3,500 feet.  The best seams of bituminous coal in western PA are about 500 ft below the surface.  Coal takes millions of years to form and requires about 5-10 feet of plant material to produce 1 foot of coal.

Bituminous Coal

The earliest historical mention of coal in PA was of bituminous coal on a 1752 map that identified coal  near the Indiana-Westmoreland County border. Bituminous coal occurs in 29 western and central PA counties over 1/3 of the area of the state.  This greatest bituminous resources in PA are located in Allegheny, Fayette, Greene, Washington, and Westmoreland counties.  Coal mining began in Pennsylvania in 1761, and the first mine, the Fort Pitt mine, was located in Pittsburgh.  This bituminous coal mine was across the Monongahela River near Duquesne Heights (then called Coal Hill).  The Pittsburgh coal seam has been called “the world’s most valuable single mineral deposit.”  It probably took between 2,700 – 10,000 years for the necessary organic material to accumulate followed by millions of years of coalification for the extremely profitable Pittsburgh coal bed to form.  In addition to boasting Pennsylvania’s first coal mine, Pittsburgh is also the site of the first mine fire in PA, which occurred at the Fort Pitt mine in 1766 when workmen left a fire burning nearby during a break.  

In 1796, French engineer Victor Collot made a map of Pittsburgh and predicted, “This town, when the Indian frontier is thrown back, and the roads are rendered practicable, will certainly become on of the first inland cities of the United States.”  Collot was correct; Pittsburgh’s vast coal and iron ore resources, coupled with it’s prime location along three rivers, enabled the city to grow and flourish in the 19th century.  Bituminous coal use grew in the early 1800s, with Pittsburgh using 400 tons per day.  During this time, bituminous coal also began to be transported by riverboats.  In 1846, the Pennsylvania Railroad Company began construction of a 250 mile railroad line between Pittsburgh and Harrisburg to transport bituminous and anthracite coal across the state.

Pennsylvania’s bituminous coal was first used in furnaces, foundries, forges, glasshouses, breweries, distilleries, steel works, smith’s shops, and salt-making industries.  The large amount of coal burned in Pittsburgh by both homes and industries, resulted in a lingering cloud of smoke over the city.  Pittsburgh was known as the “Smoky City” because of this air pollution problem.  Pollution-cutting regulations were not imposed until 1952.

Anthracite Coal

The earliest historical record of anthracite coal in PA occurred on a 1762 map.  This coal was first used in 1769 by blacksmiths in their Wilkes-Barre forges.  While small quantities of anthracite are found in Rhode Island, Washington, Colorado, Scotland, Wales, Russia, and China, eastern Pennsylvania actually produces the most anthracite coal in the world, including 99% of U.S. anthracite.  Anthracite coal’s nickname is “black diamond” because it is the hardest type of coal and is the most desirable due to its longer burning time and lower fume emissions than softer coals.  By the 1820s, methods to transport coal to cities were rapidly developing.  In 1828, a canal was built that carried anthracite from northeast PA to New York and Philadelphia.  The first operational train in the United States was used by the anthracite industry beginning in 1829 to haul coal from mines to the Lehigh River.  Railroad routes continued to expand with time.

The early coal miners in eastern PA were predominantly immigrants from Wales, Ireland, Scotland, England, Poland, Lithuania, Croatia, Serbia, and Italy.  Because of this melting pot of miners, a great deal of racial and religious tension existed in the early mining communities.

Past, Present, and Future Coal Reserves

Prior to the start of coal mining in PA, our state contained roughly 84 billion tons of bituminous coal, and about 23 billion tons of anthracite and semianthracite coal. As of 2005, over 20 billion tons of bituminous and almost 11 billion tons of anthracite coal, had been mined, leaving a total of 76 billion tons of coal still available for use.  (This is equivalent to a block 1 mile high, 1 mile wide, and 12 miles long.)  However, the thickest and most easily accessible coal seams were mined first, and the remaining coal seams are thinner and are harder and more expensive to mine.  The National Mining Association estimates that of the 76 billion tons of unmined coal available in Pennsylvania, only ~ 11 billion tons of bituminous and ~ 800 million tons of anthracite are likely to be recoverable.  On the national level, it is estimated that active mines have ~ 18.5 billion recoverable tons of bituminous and anthracite coal left, while an additional 262 billion tons of coal reserves exist that have the potential to be recovered.  If these numbers are accurate, and the United States continues to produce ~ 1 billion tons of coal per year, we should have just under three centuries of coal resources left.

Coal’s Impact on Pennsylvania

Some say that the Pittsburgh coal seams are the most profitable mining venture in the world.  Pennsylvania’s coal industry not only provides thousands of jobs, but has also boosted its power, transportation, steel, glass, and coke industries.  These industries in turn have many by-products and manufacturing enterprises that prosper and grow.  Pittsburgh is especially famous for its massive steel industry.  Before steel can be made, large amounts of coal are be roasted in furnaces at 2000 degrees F to produce coke, which yields extremely high, steady temperatures that are ideal for smelting iron ore into iron used to make strong, yet flexible steel.  Burning coke also gives off carbon monoxide gas, which is necessary when making steel.  Additionally, coke is a very strong substance that is able to support large amounts of heavy iron ore and limestone placed on it in the furnace during the steel making process. Steel is an essential part of many bridges, buildings, and automobiles.  In addition to its industrial uses, coal has also been a source of warmth for countless homes and businesses throughout the state.

Rail, water, and automotive transportation have all been positively influenced by the coal industry and have also been extremely beneficial to the coal industry in return.  Coal mining also requires special machinery, computers, and safety devices, many of which are produced in Pennsylvania, further helping our state’s economy and providing more jobs for workers.  Furthermore, private fortunes gained from the coal industry have funded and founded local universities and research institutes, and taxes from coal have been used to support elementary to university education programs.

In the US today, coal is mainly used to generate electricity.  It provides over half of the electricity used by Americans in a year. Approximately 56% of the electricity used in Pennsylvania is produced by coal.  The average American household uses over a ton of coal per year to run electric stoves, water heaters, and refrigerators. Many Americans also may not realize the by-products of coal are used to make everyday products like plastics, fertilizers, and medicines.  Pennsylvania plays a key role in the recovery of US coal reserves, producing about 6% of the national coal supply from 82 underground mines and 225 surface mines.  The total direct and indirect contributions of the coal industry to Pennsylvania’s  economy is over $10 billion.
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Coal-Related Jobs in Pennsylvania
U.S. Workforce

The coal industry provides hundreds of thousands of jobs for US citizens, including 174,000 full-time permanent jobs directly related to coal.  83,000 are employed in mining; 31,000 are employed in aspects of coal transportation; and 60,000 work for coal-fired power plants.  In addition, hundreds of thousands are indirectly employed by industries related to and dependent upon coal.  However, technological advancements since the 1900s have made mining more productive, resulting in an increase in coal production and a decrease in mining employment.  In 1920, 2% of the U.S. workforce was employed in coal mining and produced 658 million tons of coal.  In 2006, less than 0.1% of the workforce was employed in coal mining, and 1.2 billion tons of coal were produced.  Pennsylvania alone produced 66 million tons of coal in 2006; ~ 6% of the national supply.

Impact of Technological Advances on the Job

Mechanization and technological advancements in coal mining have made the process much easier and less dangerous that it was during the early days of mining.  Before 1885, miners used picks, shovels, hand drills, basic explosions, wheelbarrows, mules, and small cars, and may have had to walk several miles underground from the shaft pit to his work station.  New equipment, such as power machines for drilling, cutting, and loading were slowly introduced, as were electric trolley trains that were used to haul coal and carry the men underground.  Safety conditions improved with the advent of enhanced explosives, fresh-air producing fans, proper ventilation, rock dusting on walls to prevent explosions, installation of adequate lighting, and regular mine inspections by accredited inspectors. Even more technological advances have been made in the past few decades.  Most modern coal mines are highly mechanized and utilize computers to control various machinery as well as to monitor the mining process from above ground.  With these technological advances and improvements in mine conditions, there has been a dramatic decrease in mine accidents and deaths.  In 1910, there were approximately 1300 mining-related deaths in Pennsylvania.  The past decade saw a  much lower average of less than ten mining-related deaths per year.
Coal Mining
Pennsylvania ranks 3rd in the number of coal mining jobs in the U.S. beneath West Virginia and Kentucky.  In 2006, 5,099 Pennsylvanians were employed in underground mines, and 2,427 were employed in surface mines.  Pennsylvania has 82 underground mines and 225 surface mines.  Of the 66 million tons of coal recovered in PA in 2006, 54 million tons were recovered from underground mining operations, and 12 million tons were recovered from surface mines.  Surface mining is utilized where thick coal deposits are close to the surface of the earth.  Bulldozers clear and level the area and special machines clear the material above the coal.  Mechanical shovels then dig into the coal and load it onto large trucks that remove the coal.

Before coal can be mined underground, the workers must be able to access it.  This involves creating corridors through which equipment and workers can pass through to obtain the coal.  Proper ventilation must be ensured, and pipes, belts, tracks, and an electrical system need to be installed.  Two main types of mining are longwall and continuous mining.  Longwall mining originated in the 1970s and is the most common method of mining coal today because it is the safest, most effective, and most efficient method of underground coal mining.  During this process, a longwall schearer (which looks like a giant slicer) proceeds along the wall of the mine 42 inches at a time for 1000 ft, slicing off sections of coal, which falls onto a conveyor belt that transports it out of the mine.  In the longwall method, a hydraulic system moves thick steel shields into place under the roof as the machinery moves forward that removes coal from the walls.  These shields prevent coal from the roof from falling onto the miners.  One longwall trip down and back (2000 ft ) removes 2000 tons of coal.  It takes 5 longwall trips (or 10,000 tons) to fill a train with coal.

The second method of underground coal extraction uses continuous mining machines in the “room and pillar” method.  Starting with the cutting of the entry, the roof of the mine is secured by roof bolting.  Shafts are drilled into the roof, and a longbolt and hardening resin are placed in the shaft.  Next, a strong metal strap is attached across the roof to connect the bolts.  The resin expands and hardens, holding the long bolts in place that secure the metal straps across the roof.  This technique holds the roof up from above rather than pushing up on the roof from below.  Once the roof in an area is secure, a continuous mining machine breaks the coal from the seam and moves it onto a conveyor belt.  After a set distance, the machine is backed out, and more roof bolts are secured in the next section of the mine so the process can begin again.  Coal must be removed carefully in certain patterns to ensure that the roof does not cave in.  Large pillars of coal are left intact within the mine to help support the roof.  Up to half of the coal in a mine could be these pillars, which are not able to be recovered.

After the coal is removed from the mine, it is sifted to remove excess water and debris.  A conveyor belt carries it above the ground to silos then to a processing plant where machines process it, extract rock and dirt, separate it into clean coal and rock, and finally send it to clean coal storage silos.  

According to the U.S. Bureau of Labor Statistics, the salary of a non-supervisory U.S. coal worker is usually between $44,000 - $58,000 per year, with an average salary of $57,000 per year.  Supervisors are likely to earn closer to $69,000 per year.  

Transportation and Power Plant Workers
After processing, Pennsylvania coal is transported to power plants by trains (73%), river barges (17%), trucks (5%), and overland conveyor belts (5%).  

There are ~ 1,500 coal-fired power plants located in the United States.  Pennsylvania ranks 4th in the nation in the number of coal-fired power plants and energy production.  It contains 78 coal-fired power plants that employ ~3700 operation and maintenance workers. Power plant operators earn similar wages to coal mine workers.

Research Jobs
There are also a number of jobs in the research field that focus on energy initiatives that would greatly benefit the U.S.  Many scientists are studying effective ways to convert coal to liquid fuels that can be used in place of foreign fuel sources.  They are also working on ways to turn the waste fuel coming out of coal plants into a usable fuel source.  Pollution control is another key research area, and scientists are working hard to develop better ways to reduce SO2, NOx, particulate, mercury, and acid gas emissions.  Researchers are also investigating technology that would capture the CO2 from coal-fired plants before it’s emitted, so that it could be compressed and stored deep within the earth.

Dangers and Downsides of Coal-related Jobs

Although mining has come a long way in the past 200 years, the work involved is still physically demanding, tiring, and can be very dangerous.  Two and a half trains can be filled with coal in an 8 hour shift, with each train carrying 12,000-15,000 tons of coal .  Workers must always remain alert and be prepared for unexpected events.  Those operating and monitoring the large machinery have a huge responsibility to keep the mine running smoothly and to ensure the safety of the miners. Those involved in the transportation of coal also have very important and demanding jobs.  Boats and barges carrying coal run 24 hours a day, seven days a week.  The crews live on the boat together, usually for a week at a time, with a week off in between.

Centralia, PA Mine Fire
Since 1870, there have been over 31,000 deaths at eastern PA anthracite mines and over 20,000 deaths at western PA bituminous mines.  Mining accidents are less common in recent decades, but there have been some prominent local mine accidents in the past 50 years.  One of these incidents involves a mine fire in Centralia, PA that began in 1962 as a fire in a garbage dump oven an open coal seam.  Workers at first thought that the fire was quenched, but soon discovered that the fire continued to burn underground.  The fire was not able to be contained and continues to burn to this day.  As a result of the fire, toxic gases are emitted from cracks in the ground, and the ground is extremely unstable and has been known to cave in, revealing burning coal beneath.  Families began to move out of the community in 1969, and by 2002, only 11 residents remained in the town.  

Quecreek Mine Accident
In Somerset, PA in 2002, miners accidentally dug into the abandoned Saxman Mine, flooding the Quecreek Mine with 50 million gallons of water.  Nine miners were trapped 240 feet underground. The rescue team was  focused on maintaining the air quality for the miners by pumping air through boreholes to create a pressurized air pocket for them.  Rescuers also began to drill holes to pump the water out from above the mine, but worried that if a hole penetrated an air pocket where the miners were staying, the air could escape and water would flood their chamber.  The stated work on a 30 inch rescue borehole, but the equipment broke, and it took 18 hours to replace the equipment and resume their work.  Finally, after 3 days, the borehole was complete, and a cage was lowered down to rescue the men, all of whom were very fortunate to be alive!

Sago Mine Accident

A mine explosion in West Virginia trapped 13 miners 2 miles inside the mine 300 feet below ground.  The cause of the explosion remains unknown, but it is thought that a lightning strike may have ignited methane gas within the mine.  The miners hung a curtain around the areas where they were to create an enclosed space and to block out some of the smoke and gas.  Some of the mens’ emergency oxygen packs failed to work, and they soon became unconscious, as carbon monoxide levels were over 3 times the limit that can be tolerated by humans.  Rescuers had to wait 12 hours to begin the search for the miners because of the high levels of carbon monoxide and methane.  After 2 days, the rescue team reached the miners; only one of the thirteen men survived.
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Coal and the Rock Cycle in PA
As organic coal is buried further within the earth, temperature and pressure increase, driving coalification.  Temperature is the most important mechanism because higher temperatures decrease moisture and volatile elements, which leads to higher ranking coals that have higher heat (calorific) values.  Usually, high temperatures correlate to greater depths within the earth, but other circumstances, such as close proximity to a volcano, could produce high temperatures without deep burial.  Although deeper burial and thus higher temperatures, implies an older age, coals of roughly the same geologic age can vary dramatically in rank. The burial depth, temperature and pressure in eastern PA must have been greater than in western PA. 

Anthracite coal in eastern PA was formed as the organic material was subjected to great burial depths and high temperatures during the building of the Appalachian Mountains in the late Paleozoic.  Over 300 million years ago, Africa collided into North America.  The sedimentary layers of the continent (containing the dead plant material) were forced deep into the earth and then compressed into folds.  Erosion of the mountains piled more sediment onto the region, compressing the layers further.  
As temperature and pressure increased, the coal increased in rank.  The coal maintained the rank it achieved at its maximum temperature and pressure; it does not decrease in rank when if it is uplifted to the surface by tectonic activity or if overlying rock is eroded.

Coal in western PA is bituminous; the swampy plants were further from the mountain building in the east and were therefore subjected to lesser burial depths and little to no mountain building and folding.  The higher-ranking bituminous coal in western PA is related to the Allegheny Mountains, which is a mountainous region that is part of the Appalachian Mountain Range but is considerably smaller than the main stretch of the Appalachians.
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